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ECONOMICS OF LOCATION, NUMBER AND SIZE OF NEW ENGLAND APPLE PACKING PLANlS 
F . Richard King and S . K. Seaver 
INTR ODUCTI ON 
Pr oblem Area and Objectives of this Study 
Rapid changes are taking place in the commercial apple industry both in produc -
tion and marketing . Recent years have seen the d eve l opment of controlled atmosphere 
and tectrol storage, changes in t ype of rootstock grown and techniques of packing, 
and a major decrease in the number of farms but inc reasing apple pr oduc tion . 
Decision-maker s in the New England commercial apple industr y are aware of the 
pressure for adjustment resulting from recent structural and technologica l changes. 
Periodically, there has been dis cussion by New England commercial growers on a re-
gional approach to solve common prob lems re l ating t o storage , packing, distribution, 
processing and pOint of sal e representation of grower interests . 1 
The present New England marketing system results in a large number of small 
packing plants . Typically, apple growers even thos e with small orchards, do their 
own packing and grading. In many cases, the eqUipment is obsolete and ex treme care 
is necessary to prevent excessive bruising . It is difficult for these packers t o meet 
increasing consumer demands for polyfilm over -wrap tray packs. Small orchard ists with 
packing plants also fin d they cannot fill large orders of a particul ar grade or qual-
ity s imply because they do not have the nec essary volume. Consequently a buyer will 
frequently need t o contact several growers to fulfill order requirement s , generally 
r esulting in a pack of uneven quality . In addition, there are economies to be gained 
in packing on a larger scale . 2 The economies to be gained in packing in larger plants , 
the increased size of the production unit, and the pressure on buy er s to purchase from 
fewer sources all indicate a trend towar d more consolidated packing. There may also 
be an increase in contract packing . In this arrangement the small grower produces 
and stores the apples , but the marketing function, or at least the packing function, 
is performed by a large packing plant. 
1New England Apple Conference Report, March 26-27, 1963, Worcester, Massachusetts . 
(Mimeographed) 
2Carman, Hoy F., An Analysis of Apple-Packing Cos t s in Michigan, Marketing Research 
Report Number 786 , U.S.D.A., ERS, March 1967. 
~'(F . Richard King is Assistant Professor of Agricultural and Resource Ec onomics , Univ-
erSity of Maine , Orono, Maine . Stanley K. Seaver is Professor of Agricultural Ec -
onomics at the University of Connecticut , Storrs, Connecticut. 
• 
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Large scale consolidated packing plants might lead to a more uniform, better 
quality pack in sufficient volume to bargain effectively with large scale buyers. 
The New England commercial apple industry is seeking answers to questions concerning 
the size and location of packing plants, giving due consideration to present and ex-
pected l oca tion of pr oduction a nd consumption centers . This study attempts to pro-
vide information which will be of use t o industry leaders who are making decisions 
about the organization of the New England commercial apple industry. 
The objectives of this study were: 
Background 
1. To de termine the number, size, and location of 
apple packing facilities in New England in order 
to minimize aggregate marketing costs associated 
with the region's commercial apple production. 
2 . To evaluate the effects of change in the density 
of production on the plant pattern and t ot a l cost 
of packing the New England crop . 
3 . To invest igate the changes in the shipment patterns 
and the addition to aggregate marketing costs which 
re s ult as packing and transfer costs are increased. 
A study of this type requires information concerning the location of production 
fo r certain deSignated s upply areas . The Census of Agriculture provides information 
relative to trends in number of trees, farms and volume of apple production. A de-
tailed s urvey, such as the 1965 New England Fruit Tree Survey, provides more complete 
information. The starting point for this study was the Census of Agriculture and the 
New Engl and study. 
Tables 1-4 describe the New England commercia l apple industry in terms of pro _ 
duction, total number of trees, number of farms , and va lue of apple production for 
each New England state for selected years . 
Table 1 
Apple Production in New England, Selected Years 
Area 1954 1959 
--- --------- ------------------- Bushels 
Maine 
New Hampshire 
Vermont 
Massachusetts 
Connecticut 
Rhode Island 
Total 
616,754 
855,127 
851,771 
1,749,963 
1,277,707 
101,376 
5,452,698 
1, 813 ,673 
1, 478, 182 
943 ,186 
2,702,697 
1,268,050 
192,051 
8,397,839 
1964 
1,326,890 
803,397 
821,877 
1,998,032 
1,003,962 
142,876 
6,097,034 
1965 
1, 510,918 
1,435,914 
873,462 
2,183, 364 
1,036,190 
185,969 
7,225,817 
Source: Census of Agriculture, U.S.D.A., for 1954, 1959, and 1964 and for 1965 
the 1965 New England Fruit Tree Survey • 
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Table 1 indicates that Volume of production first increased up to 1959 and then 
decreased to 1964. But both the increase and the decrease resulted largely from the 
fact that 1959 was the largest crop during the entire 11 year period from 1954- 1964 . 
Actually all states maintained or increased production over this time period . The 
number of trees and number of farms fell substantially in all states except Vermont. 
(Tables 2 and 3) . The value of production, Table 4 , shows an increase for all states 
except Connecticut and Vermont. 
Table 2 
Total Number of Apple Trees in New England, Selected Years 
Area 1954 1959 1964 1965 
Maine 384,733 372 , 851 324,048 240,790 
New Hampshire 274,745 211,829 180,026 168,662 
Vermont 176,426 145,663 213,170 161,208 
Massachusetts 533,298 405,804 390,129 315,252 
Connecticut 329,793 225,184 227,539 141,055 
Rhode Island 50,883 31,392 25,095 23,337 
Total 1,749,878 1,392,723 1,360,007 1,050,304 
Source: Census of Agriculture, U.S.D.A., for the appropriate years, and the 1965 
New England Fruit Tree Survey. 
Table 3 
Number of Farms Reporting Apple Production in New England, Selected Years 
Area 1954 1959 1965 
Maine 1,943 1 , 625 881 
New Hampshire 921 554 301 
Vermont 589 530 341 
Massachusetts 1,792 984 617 
Connecticut 1,710 778 484 
Rhode Island 253 120 81 
Total 7,208 4,591 2,705 
Source: Census of Agricul ture, U.S.D.A., for the appropriate years . 
Table 4 
Value of Apple Production in New England, Selected Years 
Area 
Dollars 
Maine 1,418,535 3,445,978 5,165,000 
New Hampshire 2,009,549 2,660,729 3,305,000 
Vermont 2,342, 371 1 ,744, 895 2,202,000 
Massachusetts 4,112,414 4,999,991 6,726,000 
Connecticut 3,449,810 2,409,295 3,363,000 
Rhode Island 289,915 384,102 510 , 000 
Total 13,622,594 15,644,990 21,271 , 000 
lCensus of Agriculture for appropriate years. 
2 
Statistical Report, U.S .D.A., Crop Reporting Board , FRNT 2,-1 (7_65) "Fruits, Non -
citrus by States, 1964 and 1965." 
• 
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Table 5 indicates the great change which took place in the t ype of bearing 
trees . In 1965 , for New England t 43 . 6 percent of a ll tr ees six year s old and younger 
were on dwarf and semi-dwarf r oo tstock . In contrast only 3 . 5 percent of the t rees 
seven years and older wer e on dwarf a nd semi -dwarf rootstock . The more recent plan_ 
tings r esu l t in more trees per acr e wi t h the expecta tion of higher yields per ac r e , 
and trees bearing a t a much earlier age. The tr end to smaller trees and different 
cultur a l practices i s an indica tion that t he orchardists are taking advan t age of im-
proved technology t o ease labor problems due to picking from standard sized trees 
and problems due to rising l a nd values and taxes . This trend t o dwarf and semi -dwarf 
trees is expected to continue or even increase , especially in the mor e heavil y popu-
l ated southern New England states. 
There also ha ve been changes in the type of storage and packing techniques be-
ing used in New England . The advent of controll ed atmosphere and Tectrol storage made 
it possible to spread the market ing season over a much longer period and still provide 
the consumer with a high quality product. Larger storage has enabled many gr owers to 
increase the size of their operation . Th e increased length of the storage season has 
brought wi th it new marketing problems such as a new system for choosing the volume 
to sel l at particu l ar t imes during the marketing season in order to maximize returns. 
This prob l em was studied in 1964 for McIntosh a ppl es . 3 
Until approxima tel y fifteen years ago, most apples were sold t o cons umer s i n a 
jumble pack with a fac ing and cell-pack . These have given way t o pol ybags and over-
wrapped tr ay packs . The r e tail stor e generally prefers not to become i nvolved in 
packing and the stor e buyer deals with a wholesa l e r, or a grower-packer, who i s equip-
ped to provide the desired package . Thus the packer needs more and varied equipment 
than was required for the old jumble pack. 
METH ODOLOGY 
The Analytical Mod el 
Th e location of a packing plant depends upon many fac tors in addit ion to econ-
omic consider a tions . There are psychologica l, sociological, and institutional factors 
influencing plant l ocat i on, but eva lua tion of these is beyond the scope of this study . 
The economic factors of importance are t hose related t o produc t i on of a nd demand fo r 
the product, the tra nsfe r costs between a r eas and the processing or packaging function. 
The framework emp l oyed was that of partia l equ i l ibr ium analysis where the transfer 
costs of the r aw product, as well as the final product , were studied along with the 
cost of packing in various sized plants. 
The s tudy is concerned with the det e rminati on of a s ystem of plants and ship-
ment patterns that will minimize the cos t of assemb ling, packing and distributing app les . 
The ana l ytica l model used was a linear -programming, transportation model developed by 
Hurt and Tramel . 4 The model is designed t o find optimum shipments given fixed supply, 
demand, pr ocess ing capacity, (but not number of pl a nts in each location), and f ixed 
trans port costs . Thus the model det ermines optimum volume for each processing l oca -
tion bu t does not determine optimum capac ity of each plant. 
The use of the transportation model as a solution procedure for l ocation of 
packing plants requires certain basic information. Pr oducti on and consumption areas 
must be designated and transfer costs between these ar eas determined. The cost of 
pack ing raw product must be ca l cul a t ed for var i ous size plants and added to the tra ns -
f er -cos t s . 
3Myers, Lest er,H., "Intra seasonal All ocation o f McIntosh Apples," (unpublished Mas ter s 
thesis, Univer s ity of Connecticut, Storrs, Connec ti cut. 1964). 
4Hurt , V. G. and Tramel, T. C., tfAlt ernative Formulations of the Transshipment Problem, " 
J ournal of Farm Economics, Vol . 47, Number 3 , August 1965 , p. 763 • 
Table 5 
Number of Apple Trees by Type and Age, New England, 1965 
Trees Age 
Trees Age 7 Years 
1-6 Years Percent and Older Percent Percent 
Area Rootstock (Nonbearin~) of Total (Bearinii;) of Total Total of Total 
Maine Standard 36 ,641 65 .3 179,342 97.1 215,983 89 .7 
Dwarf and 19,439 34.7 5,368 2.9 24,807 10 . 3 
Semi_Dwarf 
Tota l 56,080 100.0 184,710 100.0 240,790 100.0 
New Hampshire Standard 20,691 39.4 110,608 95 . 2 131,299 77 . 8 
Dwarf and 31,832 60.6 5,531 4.8 37,363 22.2 
'-" 
Semi - Dwarf 
Total 52,523 100.0 116,139 T1ili:O 168,662 100.0 
Vermont Standard 43,423 76.9 100,888 96 . 4 144,3 11 89.5 
Dwarf and 13,077 23.1 3,820 3 .6 16,897 10.5 
Semi-Dwarf 
Total 56,500 T1ili:O 104,708 100.0 161 , 208 'i05":O 
Massachusetts Standard 35,531 55.3 242,147 96.5 277,678 88 .1 
Dwarf and 28,689 44 . 7 8,885 3.5 37,5 ?4 11.9 
Semi _Dwarf 
Total 64,220 100.0 251,032 100.0 315 ,252 100 . 0 
• 
Tab l e 5 (continued) 
Number of Apple Trees by Type and Age, New England, 1965 
Trees Age 
Trees Age 7 Years 
1-6 Years Percent and Older Percent 
Area Rootstock (Nonbearin!:l) of Total (Bear in!:l) of Tota l Tota l 
Connecticut Standard 11 , 845 38.4 106,550 96.7 118,395 
Dwarf and 18,977 61.6 3,683 3 . 3 22,660 
Semi _Dwarf 
Total 30,822 1'6Q.O 110,233 100.0 141,055 
Rhode Island Standard 479 13.5 19, 501 98.6 19,980 
Dwarf and 3,074 86 . 5 283 1 . 4 3,357 
Semi-Dwarf 
Total 3,553 1'6Q.O 19 , 784 1'6Q.O 23,337 
New England Standard 148,610 56.4 759,036 96.5 907,646 
Dwarf and 115,088 43.6 27,570 3.5 142,658 
Semi-Dwarf 000 
Total 263,698 1'6Q.O 786,606 100 . 0 1,050,304 
Source : 1965 New England Fruit Tree Survey, New England Crop Reporting Service and New England State 
Department of Agriculture Cooperating . 
Percent 
of Total 
83 . 9 
16 . 1 
1'6Q.O 
85,6 
14.4 
100.0 '" 
86 . 4 
13 . 6 
1'6Q.O 
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Methodological Procedure and Collection of Data 
Production Areas 
The first procedural step was the determination of production areas . Designa -
tion of the states as production areas would not allow sufficient pr ec ision but on 
the other hand, the problem would become large and unwield l y if counties were 50 des-
ignated. To render the study manageable, New England was, rather arbitrar ily deline-
a t ed into 14 production areas . Production in each o f the 14 areas was based upon 
the Census of Agriculture and the 1965 New England Fruit Tree Survey data. The coun -
ties included in each area are given in Table 6. 
Apple production in the states of Maine, New Hampshire, and Massachusetts is 
highly concentrated in certain areas (Table 7). Over 70 percent of the apples grown 
in Maine are concentrated in area 2 . The southern New Hampshire area contains approx-
imately 86 percent o f that state's production . The western and central areas of Ma ssa -
c husetts produce 71 percent o f its production with 42 percent concentrated in Worc es t e r 
county . Connecticut has somewhat les s concentrated production . 
Consumption Ar eas 
The next step was to determine consumption for the fourteen pr eviously describ ed 
a r ea s . A fifteenth consumption area was added r epresenting all shipments out of the 
r eg ion . Consumption data for each of the 14 area s is not available . To estimate con -
sumption , national per capita consumpt ion information was utilized. Average per cap -
ita consumption of fresh apples for the six year period, 1960 through 1965, was 17 .4 
pounds. 5 To tal consumption was ob t ained by multiplying the Unit ed States ' per capita 
consumpt ion of app les by population estimates for each area . Population and consump-
tion estimates are shown in Table 8 , along with the percentage of t ota l c onsumpti on 
which is accounted for by each area of the state. Note that 50 perc ent of New England 
consumption is c oncentrated in the highly popul ated areas of northeas tern and south_ 
eastern Massachusetts and southwestern Connecticut . Figure 1 provides a geographical 
perspective and shows the fourt een production and consumption areas. 
Potential Location of Plant Sites 
The study was not designed to undertake a complete enumeration of al l present 
packing plants or their location. There are hundr eds of small and large packing pl a nts; 
producers of any size pack their own apples. Having divided New England into 14 pr o -
duction areas, initially, a single plant with sufficient capacity t o pack all the ap -
ples was located in each area . 
A number of factors were taken into conside ration in deSigna ting the plant l o -
ca tion within the area including a n adequate l abor supply, access t o maj or highwa ys , 
power and other utilities , and access t o the market a r ea . Obvi ous ly a number of a l-
t ernative l ocations would be equally satisfactory in regard to all the factors con-
Sidered , henc e the deSignated loca tion was somewhat arbitra ry. Within each of the 
14 production areas, a city or large town, located as near as possib le to the cent er 
of the producing area , was designated as the potential plant site. 
5Food Consumption, Prices, Expenditures, Supplement for 1969, V.S.D.A., Economic 
Research Service, Report Numb e r 138. 
Area 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
• 
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Table 6 
Production Areas By County Groupings 
State 
Maine (northern) 
Maine (southern) 
New Hampshire (northern) 
New Hampshire (southern) 
Vermont (northern) 
Vermont {Southern} 
Massachusetts (western) 
Massachusetts (central) 
Massachusetts (northeastern) 
Massachusetts (southeastern) 
Rhode Island 
Connecticut (eastern) 
Connecticut (northwestern) 
Connecticut (southwestern) 
Region outside of New England 
Counties Included 
Aroostook, Hancock, Penobscot, 
Piscataquis, Somerset, Waldo, 
Washington, Franklin, Kennebec, 
Knox, Lincoln, Sagadahoc 
Oxford, Cumberland, Androscoggin, 
York 
Coos, Belknap, Grafton, Carroll, 
Strafford 
Merrimack, Hillsborough, Sullivan, 
Rockingham, Cheshire 
Essex, Lamoile, Orange, Orleans, 
Chittendon, Addison, Franklin, 
Washington, Grand Isle, Caledonia 
Windsor, Rutland, Bennington, 
Windham 
Berkshire, Franklin, Hampden, 
Hampshire 
Worcester 
Middlesex, Essex, Suffolk 
Norfolk, Plymouth, Nantucket, 
Bristol, Barnstable, Dukes 
Bristol, Kent, Newport, Providence, 
Washington 
New London, Tolland, Windham 
Hartford, Litchfield 
Middlesex, New Haven, Fairfield 
- 9 -
Table 7 
II Apple Produc t i on in Designated Areas- and Volume t o be Packed 
1965 Percent 
Vo lume o f o f State Vo l ume 21 
Area State Product jon p r gductjgn to be Pa ck ed 
(bushe l s ) (bushels) 
1 Maine (northern) 440, 904 29.2 365 ,950 
2 Maine (southern) 1,070,014 70.8 888 ,11 2 
3 New Hampshire (northern) 207,310 14.4 172,067 
4 New Hampshire (southern) 1,2 28 ,604 85.6 1, 019 ,741 
5 Vermont (northern) 472,952 54 . 1 392 , 550 
6 Vermont (south ern) 400,510 45.9 332 , 423 
7 Massachusetts (western) 624,769 28.6 518,558 
8 Massachusetts (central) 920,054 42.2 763,645 
9 Massachusetts {northeastern} 550,880 25.2 457,230 
10 Massachusetts (southeastern) 87,661 4 . 0 72,759 
11 Rhode Island 185,969 100 . 0 154,354 
12 Connecticut (eastern) 137,212 13 . 2 113, 886 
13 Connec t icut (northwestern) 371, 639 35 . 9 308,460 
14 Connec ticut { southwe s t ern} 527 ,339 50.9 437 ,691 
Tota l 7,225,81 7 5 , 997, 426 
1/ Production f or each area was calculated from the 1965 New England Fruit Tree Survey. II It was ass umed that 83 percent of the total volume produced would meet the quality 
leve l for pack ing . 
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Table 8 
Estimated Popul ation and Apple Consumption by Areas, 1965 
Percent Percent 
of Total of Total 
Estimated Estimated Sta te New England 
Area Population Consumption Consumption Consumption 
(bushels) 
1 566 , 060 204,914 57 .4 5 .1 
2 419,937 152, 017 42 . 6 3 . 8-
3 211,283 76,484 31.4 1.9 
4 461,718 167,142 68 . 6 4.1 
5 254,715 92,206 63.0 2.3 
6 149,283 54,040 37 . 0 1. 3 
7 759,682 275,005 14 . 2 6.8 
8 607,291 219 , 839 11.3 5 .4 
9 2,706,129 979,619 50.5 24 .3 
10 1,287,898 466,219 24 .0 11.6 
11 891,000 322,542 100 . 0 8.0 
12 360 ,615 130 , 543 12 . 8 3 . 2 
13 903,519 327 , 074 31.9 8. 1 
14 1,565,865 566,843 55 . 3 14 .1 
15# 
Total 11 , 144,995 4,034 , 487 
# Artificia l or dummy consumption area representing export of fresh 
apples out of New England • 
• 
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Figure 1. Loca tion of Pr oduction 
and Consumption Areas 
*Approximate plant locations. 
• 
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Plant sites selected are s hown in Table 9 . The exact location of the plant with-
in t he c ity was not s pecified. 
Table 9 
Loca t ions of Apple Packing Plants wi t hin each Production Area 
Area Loca tion 
1 Augus ta, Ma ine 
2 Portland, Maine 
3 Conway , New Hampshir e 
4 Manches t er , New Hampshir e 
5 Middlebury , Vermont 
6 Rutl and, Vermont 
7 Northamp t on , Massachusetts 
Transfer Costs 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
Area 
8 
9 
10 
11 
12 
13 
14 
Locat i on 
Leominste r, Massachuset ts 
Concord, Massachusetts 
Brockton) Massachusetts 
Providence , Rhode I s land 
Putnam, Connecticut 
Hartford, Connectic l}t 
Wal lingford , Connecticut 
A necessary condition in using the transpor t ation model is that transfer costs 
per unit are known, non -negative , and constant for any quantity transferred . These 
costs were obtained b e tween all areas and all pl ants with considerable dif fic ulty be-
ca use no standard information on r a t es or truck cos t s exists. Actual r a t es depended 
on negotiation, size of truck, availability of backhaul, a nd other fac t ors . Trucking 
charges for a ppl e hauling are not r egul ated. 
In view of the foregoing, several large s hippers and grower-shippers were con-
ta c ted by mail. The survey Showed that although there was no uniform rate pattern, 
there were certain practices generally fo ll owed in the i ndustry . The r ates obtained 
include unloading the a pples from the orchard at the packing shed and loading costs 
f r om the packing pla nt for distribution to consumption points . Th e rates reported do 
not include l oading at the farm, storage or unloading a t distribut ion points . It was 
assumed the r ates obta ined reflec t ac t ua l costs a nd not those assigned for intra-firm 
accounting purpos es . It was furth er assumed tha t the rates charged were on a "for hire lf 
basis , a nd the trucker paid f or i nsura nce . 
The truckers interviewed, a nd some answering the mai l questionnaire, felt some 
cost saving could be realized by using pallet b oxes but most reported tha t backhauling 
emp ty boxes large ly canceled any savings due t o increases in efficienc y . 
From the questionnaires and interviews, the initial transfer cos t s were devel oped. 
A r ate of 15 cents per bushel was assigned for shipment of raw product within an area . 
In a f ew situations, in the final computations, the same rate was used for s hipme nt t o 
the packing pla nt of an adjacent area if the distance was within a 25 mil e radius . A 
r ate of 25 cents per bu s hel was ass igned t o assemble the product f r om a n immediately 
contiguous area except in those cases where the adjacent a rea was within a 25 mile ra -
dius. A charge of 33 cents per bushel was made for shipment from a r eas l oca ted 50 t o 
75 miles from the plant. Shipments o f raw pr oduct beyond 75 miles were c harged at the 
r ate of 40 cent s per bus hel. Distribution rates were ob tained from the survey on a 
carton basis. When converted t o a bushel basis, the comparable transfer costs for dis-
tribution of the pr oduct were 21 c ent s per bushel for shipment within a n area, 27 cents 
for a dj o ining a r eas , 36 cents f or intermediate areas, and 42 cents per bushel for l ong 
dista nce shipments • 
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Packing Costs 
The cost relationships from a MiChigan study by Hoy F. Carman were reflective of 
conditions facing packers in this region. The present study was not designed to de-
termine packing costs. It was designed to use given packing and transportation costs 
for the purpose of determining number and size of plants and the areas in which packing 
should take place in order to minimize packing and distribution costs. 
In the Michigan study, the plant was organized to handle a sequence of operations . 
For ease of analysis, the sequences of operations were grouped into production stages. 
Each stage was analyzed separately and a cost equation developed for that stage. Th e 
stages were assumed to be independent. The technology utilized in one stage did no t 
affect the choice of technology for another stage. A least-cost plant organizati on ~3 S 
derived for each size plant and various lengths of season by adding least-cost tec hn iques 
for each stage. The cost components of apple packing plants were defined as cons i s t ing 
of five operating stages and four indirect components which were associated with one or 
more of the operating stages. The operating stages inclued (1) dumping, (2) sortin~ ",j 
sizing, (3) packing, (4) container cloSing, and (5) in-plant handling of products and 
materials. Indirect cost components include (1) office and administrative expense, ( 2) 
packaging materials, (3) building costs, and (4) supervision and miscellaneous l abor, 
equipment and materials. 7 The following assumptions were made by Carman: 
1. The mixture of varieties packed included approximately 50 
percent Johnathan, 25 percent McIntosh, 15 percent Delic-
ious, and 10 percent other varieties. 
2. Five percent of the apples dumped were eliminated as under-
sized, those less than 2t inches in diameter. Another twenty-
five percent were sorted out as culls or utilities. Seventy 
percent of the total volume was assumed to be packed. 
3. The plant operated for eight or ten hours a day. No overtime 
wages were paid. 
The type of container used did affect costs but there was no indication that the 
mixture of varieties greatly influenced cost of packing. The mixture of varieties in 
New England would include approximately 65 percent McIntosh, 15 percent Delicious, 10 
percent Cortland and 10 percent other varieties. The influence of this change on costs 
of packing was assumed to be minimal and hence was ignored. The hours of operation of 
the plant, the type of container used, the percentage of apples eliminated as undersized 
and the percentage of culls or utilities can be adjusted to fit any desired amount by 
making changes in the cost equation. Table 10, taken from the Michigan study, summarizes 
the coefficients derived by Carman and used to develop the plant cost equations used in 
this study.8 A tot ~ l plant cost equation is obtained by adding the relevant cost for 
the particular tV"le package to total costs which are common to all type packages. In 
order to ob ' Lusts for particular operations, the following must be specified: 
1. Hours of plant operation 
2. Output capacity of the plant 
3. Percentage of apples sorted as culls and utilities 
~~ ______ ~4~. __ ~P~r~o~p~ocrtion of total output in each of the various types of packages. 
6earman, Hoy F., An Analysis of Apple-Packing Costs in Michigan, Marketing Research 
Report Number 786, U.S.D.A., ERS, March 1967. 
7Carman, op. cit., pp. 54-55. 
8Carman, op. cit., p. 102. 
• 
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Table 10 
Summary of Planning Cost Equations for Operating Stages 
and Indirect Cost Components for Apple Packing Plants 
1963 -64 
Cost Category 
Common Costs 
Dumping 
Sorting and sizing 
Container closing 
Handling 
Office & administration 
Building c osts 
Supervision & miscel l aneous 
Total 
Costs Based on Packase 
Packing Costs 
4# bags 
3# bags 
Tray pack 
Jumble pack 
Package Material 
4# bags 
3# bags 
Tray pack 
Jumble pack 
Cos t s 
a 
1740.76 
52.59 
299.96 
1041.51 
920.40 
608 . 90 
4594.12 
417 . 00 
417.00 
315.00 
296.26 
182.20 
180 . 20 
H 
131.78 
143 . 33 
-62.71 
64 . 40 
276 . 20 
109 . 80 
247 . 80 
65.70 
9.73 
64 . 75 
63.71 
1/ Variables-
C 
Coefficients 
272.93 
549.73 
1038.28 
1699 . 20 
159 . 50 
3719 . 64 
928 . 00 
928 . 00 
431.82 
352 . 77 
1/ The cost equation variables are described as follows: 
HC 
15.32 
244.45 
139.19 
251.01 
301 . 88 
138.20 
1090 .05 
757.20 
757.20 
1141.36 
822.02 
4295.38 
4473.56 
5062.00 
1955.00 
a = A constant cost that is incurr ed regardless of length 
of season or size of plant . 
R = Hundred hours of plant operation per season . 
C = Capacity output of plant in hundred cartons. 
P = Percent of apples sorted out as culls and utilities. 
He = Total season pack in ten thousand cartons. 
HCP = A rel ative measure of total season sortout • 
HCP 
3 . 24 
3.24 
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Estimates of these four variables for this study were obtained by per$onal in-
terview of operators of apple packing plants in the area and of industry leaders. The 
following were taken to reflect conditions in the New England industry: 
1. Plants were assumed to operate for 8 hours per day, 5.5 days 
per week over a 36 week packing season. Total hours of plant 
operation in a season was 1,600. 
2. Plants operating at five levels of capacity were studied. 
These were 100, 200, 300, 400, and 500 forty pound packed 
cartons per hour. 
3. Culls and utilities averaged twelve percent. 
4. Sixty percent of the output was assumed to be packed in 
poly bags. One-half of this would be four pound, and one-
half three pound. Twenty percent was assumed to be in cell 
or tray pack and twenty percent jumble and other packs. 
Total season costs for packing are indicated by the following equation for the 
plants studied: 
Tse = 5803.58 + 595.01 (H) + 3719.64 (e) + 1.90.05 (H) (e) + 3.24 (H)(e)(p) 
+ 928.00 (P1) (e) + 5141.67 (H)(P1)(e) + 431.82 (P2)(e) + 6203.36 
(H)(P2)(e) + 352.77 (P3)(e) + 2777.02 (H)(P3)(e). 
The coefficients for the equation were calculated from Table 16 where: 
H Hundreds of hours of operation per season 
e Capacity of plant in hundred cartons 
P Percentage sorted out as culls and utilities 
P1 = Percentage packed in poly bags 
P2 Percentage packed in tray pack and 
P3 Percentage packed in jumble and other packs. 
The variables were specified for five sizes of packing plants and the total sea-
son and unit costs were calculated. Table 11 indicates the results of the calculations 
for the plants used in the analysis. These calculations give costs for plants operating 
at 100 percent of capacity. The costs used throughout the study were long range plan-
ning costs. Cost for packing assumed use of the best technology available at each stage. 
No adjustment was made in the costs used in the models between 1965 and 1970. 
Therefore, the level of aggregate cost which would have prevailed in 1970 is understated. 
Estimates of 1970 costs could be made by applying appropriate cost changes. For in-
stance weekly earnings in non-agricultural employment increased from $95.06 in 1965 to 
$119.46 in 1970, in current dollars, or a 25.7 percent increase. Materials used in food 
manufacturing rose from an index of 97.6 to 112.9 between 1965 and 1970 (with 1967=100) 
or a 16 percent increase. 9 However, it should be pointed out that the changes in the 
pattern of shipment and sensitivity of the optimum solution to changes in costs were 
more important to this study than the absolute level of aggregate marketing costs. 
9From Econom1·C Indicators August 1973 and the Economic Report of the President, Jan-
uary 1973. 
• 
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Table 11 
Estimated Costs of Packing Apples 
Capacity of Total Season Pack Total Average 1 Average 1 plant Cost Cost/Carton Cost/Bushel 
(ctns./hr.) (cartons) (bushel s) (dollars) (dollars) (do llars) 
100 160,000 133,333 115,917.23 .724 .869 
200 320,000 266,667 216,510.71 .676 .812 
300 480,000 400,000 317,104.20 .661 .793 
400 640,000 533,333 417,615.68 .652 .783 
500 800,000 666,667 518,291.17 .647 .777 
1 Average costs based on the assumption the plants are operated at capacity. 
ANALYSIS 
Number, Size, and Location of Packing Plants 
The starting point for the analysis was a system of plants in which a plant of 
sufficient size to pack the total output of the area was located in each of the 14 pro-
duction areas. The determination of the number, size, and location of apple packing 
facilities which would minimize the aggregate marketing costs associated with the 1965 
New England commercial apple crop was an iterative procedure. Plants were systematic-
ally removed from solution beginning with the smallest capacity, highest cost, plant. 
If the value of the objective function was decreased by removing a plant, it remained 
out of solution. If aggregate marketing costs were not reduced, the plant was returned 
and the next largest plant removed. Various combinations of plants were tested which 
allowed removal of more costly plants and transshipment of product to other plants. 
Table 12 indicates the location and capacity of the 12 plants in the final solu-
tion. The final solution, showing the inter-area movements to plants and distribution 
to consuming points, is shown in Tables 13 and 14. In this solution, total packing 
capacity exceeded total production by only 2,575 bushel. (The total quantity to be 
packed is 5,997,426 bushels as s hown in Table 7.) Adjustments in capacities of various 
plants, with appropriate packing costs adjustments, resulted in aggregate marketing 
costs of 7.4 million dollars. 
Table 12 
Location and Capacity of Apple Packing Plants, 1965* 
Plant Number and Location 
1. Augusta, Maine 
2. Portland, Maine 
3. Conway, New Hampshire 
4. Manchester, New Hampshire 
5. Middlebury, Vermont 
6. Rutland, Vermont 
7. Northampton, Massachusetts 
8. Leominster, Massachusetts 
9. Concord, Massachusetts 
11. Providence, Rhode Island 
13 . Hartford, Connecticut 
14. Wallingford, Connecticut 
Total 
Plant Capacity 
(bushels/season) 
266,667 
666,667 
133,333 
1,333,334;<* 
400,000 
266,667 
533,333 
666,667 
533,333 
266,667 
400,000 
533,333 
6,000,001 
':"''Plants (10) Brockton, Mass. and plant (12) Putnam, Conn. dropped out of solution • 
~: '~THO 666,667 bushel plants; 
Production 
Origin 
Area 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(14) 
Table 13 
Assembl y Pattern - Origins, Pl ant Locations , Vol umes I 1965 Solution* 
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---------------------------------------------------- Bushels ------ - ------------------------------ - ------
266667 
666667 
133333 
7308 
221445 
38734 
1019741 
43531 
392550 
7450 266667 14775 
518558 
666667 96978 
436355 
18679 
20875 
72759 
154354 
113886 
73296 
212 818 
73296 
235164 
224873 
Location of areas is given in Taole--7--; page- f2. 
* The numbers i s parenthesis corr e spond t o initial packing plant l ocations f or each pr oduc tion area as shown in 
Table 9. No te that plants in area (10) Brockton, Mas s . and (12) Putnam, Conn. dr opped out of the i nitial solution. 
o. 
~ 
--.> 
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Consumption 
Ar ea 
(t) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13 ) 
(14) 
(15) 
Table 14 
Di sll~ i but : cn Pa t t e '::' n - PL an t Location s , Des t i na t i o ns , Vn l urnes , l q6 <) Sol utio n 
Pr ace s s Lng P l an t Loc a t i on 
( I) (2) (3) (4) (5) (6) ( 7) (8) (9) (11) (1 3) (~4 ) 
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-- ----------- ______________________________________ Bushels- __________ ___________________________________ _ 
204914 
152017 
76484 
167172 
219839 
540556 
92206 
54040 
206259 
327074 
68746 
228814 210249 
1990 10 542 
322542 
130543 
266667 
400000 166843 
366490 
, I"' 
· 19 . 
The pattern of prod uct flows is consistent with expectation. In general, 
apples were packed within the area in which they were grown, up to the capacity of 
the plant l ocated therein. Shipment s out of the area were to adjacent larger plants 
or an area which was a high density consumption area . The two areas from which plants 
were dropped (10 and 12) were the two l owest production areas. 
Tables 13 and 14 which present t he solution are interpreted as follows: The solu -
tion tables indica ting assembly patterns show plant location across th e top of the table 
with origins of production on the left . Number s in the body of the table indicate the 
bushels s hipped . For example, Table 13, shows 266,667 bushels shipped from a rea 1, 
northern Maine, to plant numb er 1, (within the area) located in Augusta, 7,308 bushels 
t o plant 4 in Manchester , 18,679 bushels to p l ant 11, Providence and 73 ,296 bushels to 
plant 14 in Wallingford . Table 14, indicating distribution patterns , shows the plant 
l oca tions and production areas as in Table 12 . For example, Table 14 indicates that 
plant numb er 1, in Augusta, shipped 204,914 bushels t o consumption area 1, and 61 , 753 
bushels ou tside the New England area . For all of New England 1,962 , 939 bushels are ex-
por ted to ou tside areas . 
Effect of Production Changes 
The second objective of the s t udy was to evaluate the effect changes in the den -
sity of production of apples woul d have on the optimum plant pattern . Data in Table 15 
show the annual c hange in production and were derived from the Crop Reporting Service's 
published estimates . New England apple production has been highly variable. 
Table 15 
Annual Fluctua t ions in New England Apple Production, 1965 - 1970 
1964 - 1965 - 1966- 1967 - 1968 - 1969 - 1965-
Area 1965 1966 1967 1968 1969 1970# 1970 
-- --- - - ----- - Percent change from previous year 
------ ------- ----
Maine + 8 . 1 
-
9. 4 + 6.5 
-
1.9 
-
7. 6 + 1. 6 - 11. 2 
New Hampshire +14 . 3 - 13 . 0 +12.1 _17 . 0 - 17 . 4 +36.6 - 8 . 6 
Vermont 
-
7 . 9 + 2 . 4 +24.0 _24 . 5 + 4 . 7 0 . 0 + 0.3 
Massachusetts + 5 . 3 -16 . 2 +13.5 - 8 . 9 +12 . 0 + 7.8 + 4.7 
Connecticut + 3 . 0 - 23 . 5 + 5.9 
-
6 . 7 + 0 . 6 + 4 . 6 
-
9 . 0 
Rhode Island +11.1 - 20.0 -32.8 + 6 . 7 - 16 . 7 +70.0 -19 . 0 
Total + 5 . 6 -13 . 4 +10 . 9 - 8 . 8 - 0.4 + 9 . 6 - 4.4 
#Preliminary . 1970 Apple Produc t ion es t imates were not available at the t ime of the 
analysis . 
Apple production for 1970 was estimated by applying the percentage change from 
1965 to 1970 , for each state, to the New England Fruit Tree Survey data for 1965 . Table 
16 s hows these estimates. 
The estimated 1970 sta t e pr oduction was then distributed by areas within the state 
by applying the 1965 pe rcentage each county was of the tota l. (See Table 6 for the 
counties inc l uded in each area.) The pr oduction for each area was then converted to 
packed equivalent , (First Estimate Table 17) and these volumes were us e d in the model . 
The solution waS obtained with these first estimates of 1970 producti on , with all other 
factors the same as the final 1965 solution presented in Table 13. 
• 
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Table 16 
Estimated 1970 Apple Production 
in New England, by States 
Area 
Maine 
New Hampshire 
Vermont 
Massachusetts 
Connecticut 
Rhode Island 
Total 
1970 
(bushel s ) 
1,341,695 
1,312,425 
876,082 
2,285,982 
942,933 
150,635 
6,909,752 
One of the objectives of the study was to determine the effects changes in den-
sity of production would have upon patterns of assembly and distribution. The 1970 es-
timates of production were approximately 260,000 bushels, packed equivalent less than 
the 1965 packed volume. These new (first 1970) estimates were introduced into the 1965 
solution previously presented and the assembly pattern results are shown in Table 18. 
Contrasting Table 18 with Table 13 indicates that shipments from production area to 
packing plants occurred for five areas, namely, 1, 2, 6, 7, and 9. The results indi-
cate that assembly patterns are fairly sensitive to changes in density. No shifts in 
distribution patterns occurred, hence are not reported here. 
As a further check on the relationship between production density and assembly 
and distribution patterns it was assumed that even if total production remained the 
same in each state the high producing counties would continue to increase at the ex-
pense of the low producing counties. The percentage change, between 1965 and 1970, in 
production of each state was again used as the basis for adjusting the production data 
from the 1965 New England Fruit Tree Survey. A solution was obtained using this second 
estimate of 1970 production (Table 17) but with all other factors in the model the same 
as the 1965 final solution. Thus, the only difference between the two 1970 solutions 
was the estimate of volume of production for each area, i.e., the distribution of pro-
duction within the state. When the solutions, using the two estimates of 1970 produc-
tion were compared with each other, differences in the pattern of assembly fram produc-
tion area to plants occurred in seven cases. These results would indicate that the so-
lution is sensitive to changes in production density. 
The sensitivity of the optimum plant and shipment pattern to changes in consump-
tion was tested by introducing, into the model, estimates of 1970 consumption for each 
area based upon data from the 1970 census of population and estimated per capita con-
sumption of fresh apples. The results indicated that the distribution pattern for 
plants located at Northampton and Leominster, Massachusetts were the most sensitive to 
the changed consumption (volumes) and that the assembly pattern for shipments from pro-
duction areas to plants was unaffected by changes in consumption. 
An optimum solution was next determined using the second estimates of 1970 (the 
most likely production pattern) and 1970 consumption. This allowed comparison of the 
1965 solution with a most likely 1970 solution, each having been determined indepen-
dently. Both optimum solutions were obtained with all plants fully utilized. Table 19 
Area 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Total 
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Table 17 
Two Estimates of 1970 New England Apple Production by Areas 
First Estimate 
of Production 
Second Estimate 
of Preduc t ion 
(Packed equivalent, bushels) 
325,173 
788,434 
156,861 
932,452 
393 , 387 
333,761 
542,646 
800,688 
478,136 
75,894 
125,027 
103,308 
280,966 
398,361 
5,735,094 
225,495 
888,112 
69,572 
1,019,741 
393,387 
333,761 
552,627 
814,748 
457,231 
72,759 
125,027 
36,483 
308,460 
437,691 
5,735,094 
indicates the location and capacity of the eleven packing plants in the final solution 
(1970 data). Compared with the r esults in Table 12, the major change is the dropping 
of the Conway plant. The pattern o f assembly and distribution for the so lution is 
shown in Tables 20 and 21. 
A detailed comparison can be made of the 1965 and 1970 solutions by a study of 
Tables 13, 14, 20, and 21. 
Changes in pr oduction volume affected assembly shipment patterns most directly 
and packing plant l oca tions are sensitive to the changes in the denSity o f production. 
Changes in plant l ocat ions will, o f course, disturb dis tribution patterns even in the 
absence of any shift in population between areas. In this study, the ne t effect of 
changes in plant l ocations and population shifts upon distribution patterns was not de-
termined. 
Effect of Changes in Transfer Costs 
There are many reasons for increases in transfer costs. A partia l list would 
include changes in highway and excise taxes, incr eases in licensing f ees, and labor 
costs rising diffe r entially and in absolute terms. Several adjustments in transfer 
cost s were made and results compared in order t o test the effect on the pattern of 
assembly and distribution of pr oduct and the effect on aggregate marketing costs. The 
following situations were tested: 
1. All assembly costs were increased ten percent with dis-
tribution costs unchanged. 
2. Loca l and intermedia te assembly costs were increased ten 
percent with distribution cos ts unchanged. 
3. Loca l and intermediat e distribution costs were increased ten 
percent with assembly cos ts unchanged. 
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Table 19 
Optimum Location and Capacity of Apple Packing Plants, 1970 
Plant Number and Location 
(1) Augusta, Maine 
(2) Portland, Maine 
(4) Manchester, New Hampshire 
(5) Middlebury, Vermont 
(6) Rutland, Vermont 
(7) Northampton, Massachusetts 
(8) Leominster, Massachusett s 
(9) Concord, Massachus e tts 
(11) Providence, Rhode Island 
(13) Hartford, Connecticut 
(14) Wallingford, Connecticut 
Total 
Annual Packing Capacity 
(Bushel s ) 
' 266,667 
666,667 
1,333,334 
400,000 
266,667 
533,333 
668,426 
400 ,000 
266,667 
400,000 
533,333 
5,735,094 
4 . All loca l and intermediate transfer costs were increased ten 
percent. 
5. All distribution costs were increased t en percent with assembly 
costs unchanged. 
6. Long distance assemb l y costs were increased t e n percent with 
distribution costs unchanged. 
7. Long distanc e distribution costs were inc reased ten percent 
with assembly costs unchanged. 
8. All long distance transfer costs were increased ten percent. 
Study of the pattern of assembly of the product from produc ing areas to packing 
plants indicated only fo ur areas were affected by the eight possibilities tested. The 
changes which occurred result ed when local and intermediate ass embly costs , and all 
loca l and intermediate transfer costs, wer e increased ten percent (situa tions 2 and 4) . 
The pattern of distribution of product from packing plant s t o c ons umpti on centers 
also appeared t o be only slightly sensitive to a ten perce nt change in the cost of dis-
tribution. When local and intermed i ate di s tribution costs were i ncreased ten perc ent 
(situations 3 and 5) shipments from four plants were aff ec ted. 
The percentage increas es in the aggregate marketing costs resulting from the 
eight situations tested are indicated in Table 22. The greatest increase in aggregate 
ma rketing cost occurred when all l ocal and intermediate transfer costs and all distri-
bution costs were increased with assemb l y cos ts unc hanged. Further, it is apparent 
that incr eas ed l ong distance ass embly cost with distribution cost unc hanged had little 
effect on aggregate cost. 
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Production 
Origin 
(ll 225495 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11 ) 
(12) 
(13 ) 
(14) 
41172 666667 
Table 20 
Assembly Pattern - Origins, Plant Locations, Volumes 
1970 Solution 
109349 
69572 
1019741 
134672 
393387 
6613 
Processing Plant Location 
~ 
ru 
'-' 
~ 
" .~ e 
0 
ru 
..., 
(8) 
266667 
533333 
668426 
"0 
~ 
0 
u 
" 0 u 
(9) 
146322 
253678 
ru 
u 
" 
"0 
ru ~ 
"0 0 
. ~ .. 
> '-' 
0 ~ 
~ 
'" 
"" '" (11) (13) 
19294 
68881 
72759 
125027 
36483 
131405 
212818 
"0 
~ 
0 
.. 
"" 
" ... 
... 
... 
'" ;. 
(14) 
70924 
60481 
177055 
224873 
N 
~ 
Consumption 
Center 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13 ) 
(1 4) 
(1 5) 
'" 
.., 
~ 
" 
'" 
" -<: (1) 
Table 21 
Distribution Pattern - Plant Locations t Destinations, Volumes 
1970 Solution 
Processing Pl ant Location 
>-
~ 
... 0 ... ., 
... 
.., ., 
'0 .., 
" ~ .., ~ ~ .c '0 ~ '0 
'" 
., ., ~ 
'" 
~ ... 
.... 
-" .... 
'" 
-
.... 0 .., 0 '0 .... .., a 0 
... ~ '0 .., ... 0 ~ 0 
'" 
.~ 
" 
0 ., 0 
Po< E E 
'" 
z ,.., 0 (2) (4) (5) (6) (7) (8) (9) 
'0 
., 
... 
0 0 
~ '0 
'" 
., 
... 
'" '0 0 ~ .~ 
'" 
.... 
> .., .... 
0 ... .... 
... 
'" '" Po< 
'" 
~(11 ) (13) (14) 
----------------------------------------------
Bushels ----------------------- ______ 0 . _____ -- --
159877 
126825 
60849 
152340 
82439 
54973 
228785 
184373 
333291 425232 42107 
80292 83423 266667 
274470 
26869 94021 
277679 
400000 77595 
106790 478993 663330 31756 1 220694 68881 455738 
'" 
'" 
• 
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Table 22 
Changes in Objective Function as Transfer Cos ts Change by 10 Percent 
Transfer Cost Change 
Increase a ll assembly costs, 
distribution costs unchanged 
Increase l ocal and intermed iate assembly 
costs, distribution costs unchanged 
Increase local and intermediate distribu-
tion cos ts, assembly costs unchanged 
Increase all local and intermediate 
transfer costs 
Increase all distribut i on costs, 
assemb l y costs unchanged 
Increase long dis t ance assembly costs, 
distribution costs unchanged 
I ncrease l ong distance distribution 
c osts , assembly costs unchanged 
Increase all l ong distance transfer 
costs 
Effect of Selective Increases in Packing Cos t s 
Percentage Increase 
in Aggregate Marketing Costs 
1.33 
1.1 7 
1.24 
2.41 
2 . 34 
.13 
1.05 
1.18 
The model was next used to gain insight into the sensitivity of the optimum ship-
ment patterns as packing costs were incr eased. It seemed reasonable t o expect that the 
southern New England area (Massachusetts, Connect icut, and Rhode Island) might have some-
what higher costs of operation. For example, these higher costs could be due t o higher 
wage rates, increased property taxes, or increased utility cos t s . Accordingly, packing 
costs for plants in souther n New England were increased 15 percent while cos ts at plants 
i n northern New England remained cons t a nt and the patterns of assembly and di s tribution 
were s tudied . 
Increasing packing costs fifteen percent for the seven plants located in the 
southern New England a r ea resulted in a 4.6 percent increase i n the aggregate marketing 
costs when compared with the most likely 1970 solution. The flows from production areas 
2 , 6 , 8 , 9 , and 13 to the packing plants were modified somewhat from th e previous so lu-
tion . Increased packing costs alone had no effect upon the distr ibution pattern of ship-
ments from the packing plant to the consumption area . 
Effect of One , Two? or Thr ee Plants f or all of New England 
In order to gain inSight into the effect of reducing the total number of plants, 
fourteen so lutions were investigated and compared with the most likely 1970 so lu tion . 
The three areas with the highes t volume of produc tion were southern New Hampshir e, 
so uthern Maine, and central Massachuse tt s . These three areas were tested for the po-
tentia l location of a Sing l e plant for a ll of New England. Aggr egate marketing cos t 
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was the lowest when a single plant was located in the high production density area of 
central Massachusetts rather than in either of the other two areas . The total season -
al cost for the Massachusetts plant was 12.2 percent greater than the previous eleven 
plants (Table 23) . 
Table 23 
Summary of Unit Costs for Pack ing New England Co~ercial Apple Crop, 
Derived from Aggregate Marketing Cost 
Assembly Cost 
Packing Cost 
Distribution Cost 
Total 
1965 
Final 
Solution 
$0 . 165 
0 . 787 
0.284 
$1.236 
1970 1970 Solution with 
Final Packing Cost 
Sol ution Increased 
$0 . 166 
0 . 786 
0.292 
$1. 244 
(Cost per bushel) 
$0 . 166 
.844 
.292 
$1.302 
Single 
Plant 
Solution 
$0.294 
0.777 
0 . 325 
$1. 3 96 
The three areas of northeastern Massachusetts, southeastern Massachusetts, and 
southwestern Connecticut contained t h e highest consumption volume. Each of these areas 
was tested for the potential location of a single plant for all of New England and none 
produced lower total cost than the location of a single plant in centra l Massachusetts . 
Solutions were then investigated in which the packing capacity has divid ed equally 
between two New England plants, each l ocated in a high production area . Solutions were 
also obtained with capacity divided between two p l ants in the high denSity cons umption 
areas. Lowest cost was obtained with plants located in northeastern Massachus etts and 
southwestern Connecticut, two of the high consumption a reas . Total season marketing 
costs were still 4 . 8 percent higher than the 11 plant costs . 
Solutions were obtained with three plants of equal capacity located either in the 
high density production or the high density consumption areas . Location of three plants 
of equal capac i ty in the ar eas resulted in the lowest costs when located in the high den-
sity consumption areas. However, total cost was 5 . 7 percent higher than with 11 plants . 
The packing costs utilized in these i nvestigations assumed that the very large 
plants could be operated as efficientl y as the l argest plant in the original 1965 sol-
ution. Carman's investigations indicated that most economies of size were attained by 
the time the pl ant reached 500 cartons per hour . 10 
Aggregate Marketing Costs 
Table 23 summarizes the aggregate per unit marketing cost for the New England re-
gion . These average aggregate costs were calculated for four of the major solutions ob -
ta ined . 
These costs represent an average cost per unit for assembly, packing, and distri-
bution . As such, they are onl y representative o f actual costs in a particula r area . 
Total packing cost increased almost 6 cents per unit when packing costs wer e increased 
15 percent for the seven plants in southern New England . Total cost increas ed 15 cents 
10 Carman, Op e cit . , p . 106 . 
• 
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per unit for a single, large plant, over the optimum 1970 eleven plant solution. In 
keeping with theoretical expectations, this increase was due to increased costs of 
assembly and distribution which were not offset by decreased packing costs. 
LIMITATIONS 
Several factors limited the study. The synthesized cost da ta may not accurately 
represent present costs and in this study synthesizing total cost data results in mar -
ginal costs which are inconsistent with theor et ical expectations. 
No consideration was given to intra-seasona l changes in demand and supply and the 
industry practice of marketing a large proportion of the total crop in the early fall. 
For example, packing capacity sufficient to handle the total season pack o f fresh apples 
would not be sufficient to pack fifty percent of that crop in the two months of October 
and November. The analysis did not attempt t o determine by areas where the shortages in 
capacity for peak months occurred, but additional plants could be built in those areas 
wher e the most ex treme shortages of capacity exis t . The problem is of short - run duration 
hence plants could run extra shifts. Theoretically, the seasonality prob lem could be 
solved by operating al l plants for two shif ts instead of one . ThiS, of course, would 
increase the per unit cost estimates presented in Table 23 . There could be some tempor -
ary problems with storage at plants operating a double shift. The question of single 
and double shift operation and its effect on cos ts of packing per unit might be an area 
for further research . 
SUMMARY AND CONCLUSIONS 
Apple production is highl y concentrated in certain areas of New England and for 
thi s study 14 areas were delineated t o assess the numb er , size, and l ocat ion of pack i ng 
pl ants which would r esult in l owest t ota l costs for the region . Initially a packing 
plant with sufficient capaCity to pack local production was arbitrarily located in each 
of the 14 areas . This resulted in a large amount of excess plant capacity for the in -
dustry. In order to operate the plants closer to the deS igned capacity, transshipment 
between areas was necessary . To pack the region 's estimated 1970 crop of 5,735,094 
bushels (packed equiva lent units) only 11 plants were required . Aggregate marketing 
costs of assembly, packing, and distribution t o consuming markets totaled $7,136,743 . 
Changes in product ion within the region, changes in consumption, and changes in 
transfer and packing costs were appraised to de termine impacts these forces have on 
plant numbers, their location, shipment patterns, and the level of aggregate marketing 
costs . If packing costs were increased 15 percent, aggregate marketing cos ts would in-
crease by approximately 4 . 5 percent . Changes in transfer costs o f the same size would 
have a much smaller effect up on aggregate marketing costs . 
The results of this study provide a numb er of general guides for the New England 
commercial apple industry . One of th e l ong - run questions concerns the effect changes 
in production and consumption density and volume would have on the numb er, size, and 
location of packing plants. Changes in the loca tion of production and volume from each 
producing area affected the volume of the flow of apples from production areas to pack-
ing plants, within the capacity constraints imposed by the analytical model . Thus, f lows 
changed to plants and resulted in changes in opt imal plant sizes for the region . Ho~, 
changes in production denSity did not materially affect the patterns of assembly . Pat-
terns of shipment were influenced by the extent of total exces s capacity in the region. 
Changes in the pattern of shipment occurred more frequently a s excess capacity increased . 
Since a great deal of unused packing capacity now exists, the industry should expect 
changes in production density and volume to have a grea ter effec t on shipment patterns 
as sma ll, high - cost plants exit from the industry and total capacity i s reduc ed . 
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Changes in product ion density and volume had little effect on pa t terns of dis-
tributing apples from packing plants to consumption centers. However, the distribution 
patterns and flows were influenced by changes in consumption density. 
Changes in transfer costs did not exert a strong influence on either the patterns 
of assembly or distribution. Thus, increases in transf er and packing coses, due t o po s -
sible location of plants in areas of high population density, would not be barriers to 
movement by the industry toward larger, more efficient pl~nts near major consumption cen-
ters. 
Currently, approximately one_half the crop is marketed in September, October, and 
November . This seasonality puts tremendous strain on t otal indust ry pa ck ing capacity 
for the peak month of October, and leaves six months of minimal operation. Such varia-
bility is costly. 
The large number of small plants presently in operation also contribute t o indus-
try excess capacity . The ability to pack consistently high quality fresh a pples in the 
volume requir ed by pr es ent buyers is essential t o the maintenance of the competitive po-
sition o f the New England apple industry . Thi s can be done mor e ef ficient l y in l a r ge , 
modern t well-equipped packing plants . It would be t o the advantage for the industry to 
move in the direction of fewer and larger apple packing plants. It appears tha t cha nges 
in pr oduction and consumption density, or in transfer cost, would not be a barrier to 
movement in this direction. 
Presently there are many small orchards doing their own packing . Because of the 
small volume they are unable t o supply most ret a il outlets with the qual ity , var iety, 
and consume r pack r equired . Buyers must contact several packers in order t o obtain suf-
ficient quantities t o supply even a small chain of retail stores. Man y o f these sma ll 
growers and packers should be encouraged to coordinat e their pa ck ing and marketing act-
ivities. 
• 
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